This study examines egg development in American lobster (Homarus americanus) ovigerous females caught off the Magdalen Islands (MI), Québec, in September 2002 and kept in tanks for 10-11 months under a simulated natural temperature cycle. The study compares egg development trajectories of 7 early-spawners (ES) that had a well-defined pigmented eye area (Perkins eye index, at the time of capture and 8 late-spawners (LS) with no visible pigmented eye at the time of capture. Eggs from ES achieved about 80% of their development in the fall, followed by a circa 6-months rest period. Eggs from LS reached approximately 50% development by late fall, and unlike eggs from ES, continued development during winter even at temperatures of 1.0-1.5uC. The two groups experienced different numbers of effective (. 3.4uC) degree-days (ES: 1440.7, LS: 1308.0) for complete embryonic development and late spawning translated into late hatching. Additional observations made on a group of 72 ovigerous MI females caught in September 2006 indicate that early spawning is mainly associated to larger females, most likely multiparous, with a 2-year reproductive cycle, and late spawning mainly to smaller females, most likely primiparous, with a 1-year cycle, molting and spawning the same year. Larvae from ES/ multiparous and LS/primiparous may therefore encounter different environmental conditions for survival at hatching and during larval development. The occurrence of females having different patterns of egg development trajectories in American lobster populations can help spread larval production over time. This can be viewed as a mechanism for coping with environmental uncertainty.
INTRODUCTION
The American lobster, Homarus americanus Milne Edwards, 1837, has a long lifespan, and in the absence of exploitation females have the potential to produce a large number of clutches (approximately 15) (Cobb et al., 1997) . As they grow in size, some ovigerous females are known to undertake important shallow-deep migrations over great distances (. 100 km). It was hypothesized that the winter offshore migrations to warmer deeper waters provided lobsters with sufficiently warm temperatures to help optimize egg development rates (Cooper and Uzman, 1971, 1980; Campbell, 1986; Talbot and Helluy, 1995) . Tracking the thermal history of ovigerous females for 7.5-12 months in the Gulf of Maine, Cowan et al. (2007) showed that large females, moving greater distances offshore, exposed their eggs to warmer waters in winter and colder waters during spring compared to small ovigerous females that traveled less and remained in much shallower waters. Although both groups of females were shown to accumulate sufficient and approximately the same number of degree-days for embryonic development, eggs from large females experienced more gradual changes and less extreme water temperatures than did those from inshore females (Cowan et al., 2007) . Egg development, which generally takes 9-11 months (Aiken and Waddy, 1980) , is strongly temperature dependent (Perkins, 1972) . Therefore, the two different temperature regimes experienced by small and large ovigerous females have the potential to modulate embryonic development rate and timing of larval hatching. Cowan et al. (2007) mentioned that the rapid increase of water temperature in spring in shallow waters could accelerate embryonic development and induce hatching earlier for smaller females than for larger ones, perhaps before optimal conditions for larval survival exist. This would mean that larvae from large and small females may not have equal chances of survival.
In some other areas such as the Magdalen Islands (MI), Québec, large reproductive females do not have the possibility to migrate offshore to reach warmer deep waters. The three-layer stratification feature of the water column in the Gulf of St-Lawrence, characterized by an intermediate cold water layer (< 1.0uC), forms a barrier to the deeper warmer waters (Gilbert and Pettigrew, 1996) . Around MI large as well as small ovigerous females remain in the surface layer, which spans over the entire Magdalen shallows, therefore experiencing the same year-round temperature cycle, typically varying from 21uC to 18uC over a year. Eggs from large and small females could therefore follow similar patterns of embryonic development, time of hatching and larvae would encounter similar environmental conditions for survival. However, egg extrusion is not synchronous among all MI lobsters. In the late 1930s, Templeman (1940) reported that egg extrusion for lobsters in the southern Gulf of St. Lawrence takes place in two episodes: in late June and July for ''oldshelled'' females and in August for ''new-shelled'' females. Attard and Hudon (1987) reported the presence of two periods of egg extrusion for the MI lobster population with larger (carapace length, CL 83-110 mm) females extruding eggs earlier than smaller females (, 83 mm CL). The delayed extrusion could likely be associated to females featuring an atypical one-year reproductive cycle, molting JOURNAL OF CRUSTACEAN BIOLOGY, 29(3): 356-363, 2009 and spawning the same year (Adult I-b, Aiken and Waddy, 1982) , in which case, spawning would be expected to occur later. The one-year reproductive cycle is more typical of small primiparous females (Robinson, 1979; Aiken and Waddy, 1982) and can be seen in up to 20% of the females in the southern Gulf of St. Lawrence (Comeau and Savoie, 2002) . The one-year cycle has also been reported for small multiparous females as well, but less frequently, and restricted to areas with high summer water temperatures such as Long Island Sound (Briggs and McGroarty, 1985) although it was also mentioned for the southern Gulf of StLawrence (Comeau and Savoie, 2002) . Different periods of egg extrusion may translate into different hatching times as recently modeled by Tlusty et al. (2008) , with potential impact on larval survival.
In this study, we followed egg development of early-and late-spawners under a simulated seasonal temperature cycle typical of MI. The objectives were to compare egg development trajectories and to determine to what extent late extrusion translates into late hatching. We also investigated the relative occurrence of early-and latespawners among a sample of MI ovigerous females to document the association between the moment of spawning and female reproductive status under the hypothesis that late spawning is associated to smaller females, likely primiparous, that molt and spawn the same year.
MATERIAL AND METHODS

Laboratory observations -Egg development
Between 5-9 September 2002, 15 ovigerous female lobsters ranging in size between 81-89 mm cephalothoracic length (CL) with recently extruded eggs (yolk dark-green) were captured during a trawl survey off the southeast side of MI (47u28.09N, 61u41.09W). They were captured within a radius of 10 km of that location in depths ranging between 13 and 21 m (Table 1) . Females were kept alive on board in a flow-through water tank until shipment to the Maurice Lamontagne Institute (MLI). Females were sent by plane after being placed in a cooler and covered with kelp. Upon reception, approximately four hours later, females were immediately placed randomly, claws banded, in three flow-through rectangular (1.5 3 1.5 m, 900 L) tanks with shelters and gravel substrate. Females were fed minced northern shrimp meat once every two weeks during fall and once a week in spring until the end of the experiment. Feeding stopped in winter. The light-dark cycle followed ambient photoperiod through the experimental period.
Water temperature in the tanks was set to mimic the average seasonal cycle for the MI as estimated from a 9-years time series of daily temperatures recorded by thermographs set on the bottom, at a depth of 7 m, in the same area as the trawl survey (Fig. 1A) . Water temperature in the tanks was monitored daily, using a hand-held electronic thermometer. Temperature regime was the same in the three tanks from 9 September 2002 to 31 March 2003. Starting on 1 April 2003, water temperature was increased gradually to mimic natural spring variability in warming rates. The increase varied among the three tanks (0.17, 0.15 and 0.13uC ? d
21
) to a maximum of 18uC, 17uC and to 15uC, for tanks 1, 2 and 3 respectively. However, it was not possible to reach the low (, 0uC) field winter temperatures in the tanks and during winter, the temperature was slightly warmer (1-1.5uC) than in the field. A consequence was that the simulated spring increase in temperatures occurred sooner, but at similar rates, than for a normal seasonal cycle (Fig 1A) . These different water temperature increases were set for an experiment on the effects of interannual variations in spring water temperatures on larval characteristics at hatching. Unfortunately, on that aspect the experiment was inconclusive and the results are not discussed in this paper. On the other hand, close examination of eggs sampled on females upon their arrival at MLI, a few months after the experiment was started, revealed the presence of two groups of eggs and the experiment provided us with the opportunity to document egg development among two groups of females -early and latespawners. The first group had a well-defined pigmented eye area. The Perkins eye index (PEI) (Perkins, 1972) was calculated, and based on the method described below, egg extrusion was estimated to have occurred in mid-July (thereafter early-spawners, ES, n 5 7). The other group had eggs with no visible pigmented eye area when captured in early September. The back calculation from the moment in the fall when a reliable PEI measurement was possible indicated that those eggs had been extruded in late August (thereafter late-spawners, LS, n 5 8). Carapace characteristics of each female recorded at the time of capture revealed that all LS females had recently molted and showed a new clean and bright coloured carapace, unlike 6 out of 7 ES females which had an old carapace with the underside of the claws dull yellow with black marks (Table 1) .
ES and LS females were randomly distributed among the three tanks (Table 1) and we consider that the three different spring water temperature regimes did not affect the results described below, except for a small difference in hatching time (see below).
From an earlier and independent study of lobster egg development (Sibert, 2003) , a function linking the PEI growth rate to temperature was estimated:
where PEIR is PEI growth rate (mm?d 21 ) and T is ambient water temperature in uC. From the observed PEI at a given date and the daily T time series, the function allows the estimation of the time (day) for the first appearance of eye pigment (PEI . 0). Then, Perkins (1972) relationship describing the time from extrusion to the first eye pigment as function of temperature was used to estimate the additional time period between first eye pigment and egg extrusion for each female.
Egg samples were taken from each female every two weeks during fall, every month during winter (1 December 2002 to 31 March 2003), and every week during spring 2003 until first emergence. For each sampling date, 10 to 20 eggs were preserved in glycerine-ethanol (35:65, v:v) for PEI measurements (n 5 10), obtained by averaging the two perpendicular axes crossing the pigmented area of the eye on digitized images (BIOQUANT TM , R&M Biometrics, Inc., Nashville, Tennessee). As an indicator of development and embryonic growth, changes in PEI at low water temperature during fall and winter months were investigated for ES and LS separately, with a 2-way ANOVA, using SAS GLM procedure (version 8.2). The sampling dates, corresponding to the Time effect, were examined separately for two different periods of low temperature (# 3.4uC, from 9 December to 28 April and 1-1.5uC, from 6 January to 14 April). Variability among females (Female) was also examined within ES and LS groups. When the effect of Time was significant, Tukey a posteriori test was used to compare PEI from each female at the beginning and end of each period. Total effective degree-days (DD) for egg development were calculated between the estimated date of spawning and the first hatching date for each female individually, subtracting the 3.4uC threshold value, following Campbell (1986) , from daily field and tank temperatures (Fig. 1A) . Mean DD values for ES and LS were compared with Student's t test (Sokal and Rohlf, 1995) .
Field observations -Female reproductive status and egg development Between 7-12 September 2006, eggs from 72 ovigerous females captured off the southeast side of MI were sampled for PEI determination (as described above). Females were captured during a trawl survey at the same location as for 2002. For each female, 10-20 eggs were preserved in glycerine-ethanol (35:65, v:v) . Females were classified as ES or LS, based on the presence/absence of an eye pigment. All ovigerous females were also classified into 3 categories corresponding to their reproductive status, according the nomenclature of Aiken and Waddy (1982) . 1) Adult I-b, females having a clean, bright and sometimes flexible carapace, revealing a recent molt. These females molting and spawning the same year (1-year reproductive cycle) were assumed to be reproducing for the first time and were considered primiparous: this particular reproductive pattern being considered unusual and rare for multiparous females (Aiken and Waddy, 1982) . 2) Adult II, large females ($ 90 mm) with an old and hard shell, with the underside of the claws having black marks, revealing that no molt had occurred during the current year. These larger females molting and spawning in alternate years (2-year reproductive cycle) were assumed to have reproduced at least once in the past and were categorized as multiparous. The size of 90 mm CL was considered as a limit above which the probability of being multiparous was high. This size corresponds to at least one molt above size at sexual maturity (SM), using a molt increment of 11 mm CL (L. Gendron, unpubl. data) . Size at 50% SM in the southeast part of MI is 79 mm CL (Dubé and Grondin, 1985) . The assumption was considered reasonable although females could not be dissected to find possible signs of a previous spawning (ex. yellow patches in the ovary, Aiken and Waddy, 1980) . Finally, 3) a mixture of Adults I-a and II, , 90 mm CL and without signs of a recent molt (2-year reproductive cycle). This group was assumed to include both primiparous and multiparous females, the latter becoming more probable as size approaches 90 mm CL.
RESULTS
The eight LS females collected for the tank experiment had a mean (6 SD) size of 85.9 6 1.8 mm CL and showed signs of a recent molt. These females, molting and spawning the same year correspond to Adults I-b and are considered primiparous. The seven ES females had an average (6 SD) size of 86.6 6 1.3 mm CL and, except for one female, showed no signs of a recent molt. These females following a 2-year reproductive cycle, molting and spawing in alternate years correspond to Adults I-a (primiparous) and Adults II (multiparous), but the respective proportion of each group cannot be estimated based on size only. However, as mentioned above, the probability of being multiparous increases as size approaches 90 mm CL.
Egg development
The pattern of egg development, i.e., PEI, for each individual female is presented in Fig. 1B . Upon arrival at MLI, PEI of eggs of ES ranged from 190 to 246 mm. Around 1 November, all eggs showed a visible eye pigment with PEI ranging from 400-470 mm for ES and 110-220 mm for LS. For eggs extruded in July (ES), there was a Fig. 2 . Comparison of PEI (mean 6 SE) of each female at the beginning and end of two periods of low water temperature (# 3.4uC, between 9 December and 28 April and 1-1.5uC, between 6 January and 14 April). A, ES, # 3.4uC ; B, LS, # 3.4uC ; and C, LS, # 1.5uC. (Results of Tukey a posteriori paired comparisons: ns, non significant, * P , 0.05, ** P , 0.01 and *** P , 0.001). ES, early-spawners and LS, late-spawners. rapid progression of the PEI until the end of October, while water temperature was still relatively warm (. 8uC). The PEI then remained stable for a period of circa six months until water temperature rose again and development and growth resumed the next spring (Fig. 1B) . Using an average PEI of about 550 mm at hatching (100% development), eggs from ES extruded in July achieved about 80% of their development in the fall. For eggs extruded later, in late August, there was a slower progression of the PEI in the fall, followed by a long period of very slow growth in winter, when water temperature dropped below 3.4uC (Fig. 1B) . The development pattern of the eggs extruded from LS in August was somewhat opposite to what we observed for eggs extruded earlier in the season with the larger proportion of development taking place in the spring rather than in the fall (Fig. 1B) . During periods of low water temperatures, PEI showed significant variability and all factors (Time, Female and Time x Female) varied significantly for both ES and LS (Table 2) . Interestingly, despite significant differences among females within each group, ES and LS lobsters showed differences in the pattern of egg development. There were no significant differences in PEI for ES eggs between early December and late April (T # 3.4uC) ( Fig. 2A) . In contrast, in LS eggs, significant development continued well after water temperature dropped below 3.4uC in the fall (Fig. 2B) , and significant increases of PEI were also detected in some eggs of the group even at T # 1.5uC (Fig. 2C) .
Time of larval hatching
During the course of the tank experiment, lobster larvae hatched from 12 June to 30 July. The time of larval hatching was strongly influenced by the period of egg extrusion the preceding year (Fig. 3) . Larvae from ES hatched between 12 June and 2 July except for eggs of female 2 which resumed development much later than the others in that group with hatching occurring 30 July. Larvae from LS hatched July 9-21. One female from the LS group (13) suffered heavy eggs loss during development and did not produce larvae the following spring. Within each group of spawners, hatching sometimes occurred only a few (2-3) days earlier in tanks where water temperature increase was more rapid and maximum temperature higher (female 7 for ES, females 12 and 15 for LS). Larvae from ES hatched on average in colder water temperatures (range 11 to 15uC) compared to LS (15 to 18uC).
Degree-Days
Total number of effective DD for complete egg development ranged from 1247.0 for female LS-15 to 1620.9 for female ES-6 (female ES-2 was exceptional among all ES showing delayed egg development in 2003, hence accumulating 1888.4 DD to hatching). There was a significant difference between the two groups of females in the tank experiment in the total number of effective DD (t 5 3.366, d.f. 5 11, P 5 0.006) estimated between spawning and hatching, averaging (6 SD) 1307.98 6 47.53 for LS and 1440.73 6 91.34 for ES (excluding ES-2). Field observations -Female reproductive status and egg development
Based on size and shell characteristics of the 72 ovigerous females examined, 25 females (CL mean 6 SD 5 78.8 6 4.7 mm) were classified as primiparous, with a 1-year reproductive cycle (Adult I-b), and 22 (CL mean 6 SD 5 95.4 6 4.4 mm) as multiparous, with a 2-year reproductive cycle (Adult II). Among the 25 primiparous females, only one showed eggs with a well defined pigmented eye area (PEI mean 6 SD 5 227.7 6 17.6 mm). All others (96%) had eggs with no visible eye pigments (Fig. 4A,B) . In contrast, only one out of the 22 multiparous females did not have a visible eye area (Fig 4A) . All others (95.5%) had visible eye pigments with a PEI ranging from 173.8 to 323.8 mm (mean 6 SD 5 247.8 6 42.2 mm) (Fig. 4B ).
These observations indicate that the majority of primiparous females molting and spawning the same year are LS and the majority of multiparous females showing a 2-year reproductive cycle are ES. Among the 72 ovigerous females, there was also a group of 25 small ones following a 2-year reproductive cycle but for which the reproductive status (primiparous or multiparous) could not be determined with sufficient certainty (mixture of Adult I-a and II). This group included ES (68%), with a visible eye-pigment and LS spawners (32%), with no visible eye (Fig. 4A) . In ES, PEI ranged from 117.8 to 290 mm (Fig. 4B) . LS females were smaller (CL mean 6 SD 5 77.4 6 6.4 mm, n 5 8) than ES (CL mean 6 SD 5 82.8 6 4.1 mm, n 5 17), but the difference was not statistically significant. These two groups could presumably correspond to primiparous and multiparous females respectively. If that interpretation is correct, this would suggest that some primiparous females spawn later, even with a 2-year reproductive cycle.
Back calculation using the method described above with an average temperature of 16uC indicate that in 2006, in the southeast part of the MI, egg extrusion by LS would have started only after 3 August, compared to between 4-22 July for ES.
DISCUSSION
Our observations on reproductive females of the American lobster from the southeast side of the Magdalen Islands confirm the existence of two periods of spawning. On the whole, our results show that late spawning (LS) is most often related to the occurrence of a molt just prior to spawning which is mainly seen among primiparous females. Our observations also indicate that early spawning (ES) characterizes a majority of multiparous females that follow the typical 2-year reproductive cycle, molting and spawning in alternate years. Our tank data show that eggs from these two groups of females experience different development trajectories and different total number of effective DD for complete embryonic development. Our observations also show that timing of spawning determines the timing of hatching and early spawners hatch eggs earlier the following season.
The pattern of egg development for those extruded in July by ES was very similar to earlier observations by Sibert et al. (2004) . In eggs extruded early and developing under relatively warm temperatures in the summer and early fall, most of the development (80%) was reached by late fall and was followed by a circa 6-months rest period. In eggs extruded later by LS, PEI reached only approximately 50% development by late fall. Development slowed as water temperatures declined but continued during the winter, albeit slowly, even at temperatures of 1-1.5uC. In contrast to eggs extruded in July by ES, no distinct plateau or rest period was observed in the progression of the PEI for LS. The observation was similar to that reported earlier and in agreement with the suggestion that developmental rates are influenced by embryo age as well as the thermal environment (Perkins, 1972) . The continuous development of LS eggs under low temperatures also indicates that the resting period is not a diapause. Moreover, when observed in decapod egg development, the diapause occurs at the gastrula stage (Wear, 1974; Petersen, 1995) .
The main event in the embryonic development from the nauplius molt (about 10% egg development) to hatching is the completion of the molting cycle of the metanauplius stage (Helluy and Beltz, 1991) . Therefore, the rest period observed in ES may represent a period of stasis during the molt cycle that is under hormonal control, which occurs at stage D 0 of the metanauplius molt cycle (Helluy and Beltz, 1991) . Production of ecdysteroid hormones has been observed in the eggs of many decapods species, and the hormonal control system of the molt cycle is well developed in larvae at hatching (Anger, 2001) . It would be of interest to monitor the evolution of the molting hormones during embryonic development to determine the proximal cause of the D 0 rest period and to investigate what factors may affect the process (to explain, for example, that eggs from female ES-2 did not resume development in early spring).
The next significant period in egg development begins at D 1 (after the resting period), when water temperature begins to increase (Helluy and Beltz, 1991; Sibert et al., 2004) . With the exception of female ES-2, all eggs reacted to warming temperatures in spring 2003 with an acceleration of development. In most decapod crustaceans, the first period of embryonic development likely corresponds to the formation of the external morphology (Nazari et al., 2000; Pinheiro and Hattori, 2003) . Indeed, Helluy and Beltz (1991) reported that no obvious change in the embryo's general external morphology was observed from 50% PEI development to hatching, except for a rapid growth and changes in the structure of the telson at the end of development. Therefore, at the time when growth resumes in the spring, external morphology is likely to be almost complete in eggs spawned earlier (ES), but the degree of development could vary greatly in the eggs spawned in late summer (LS). Warmer temperatures also accelerate developmental events, e.g., the metanauplius molt cycle, and, according to Helluy and Beltz (1991) , hatching is the byproduct of the molting process. It is therefore conceivable that the embryos from eggs spawned later (LS), which complete their development later in the season at warmer temperatures, may hatch at an earlier stage relative to eggs spawned earlier (ES). Accelerated molt and hatching could result in smaller larvae and in larvae hatching with residual yolk reserves. This was not examined in our study but would warrant further attention. A negative effect of warm water temperature on hatching size has already been reported by in the spiny lobster Jasus edwardsii Hutton, 1875 (Tong et al., 2000) and body lengths were significantly longer in crab Cancer magister Dana, 1852 larvae reared at 5uC compared to larvae reared at 10uC and 15uC (Shirley et al., 1987) . Similarly, northern shrimp Pandalus borealis Krøyer, 1838 larvae were significantly larger when hatching from eggs incubated in colder water (2uC and 5uC ) and remains of yolk reserves were reported for larvae hatching from eggs incubated in warmer conditions (8uC) (Brillon et al., 2005) .
By using the historical 3.4uC threshold for embryonic development in lobster (Campbell, 1986) , our results show that eggs of ES and LS females experience different number of effective DD to achieve complete embryonic development. This is contrary to Cowan's et al. (2007) observations on small and large females experiencing different thermal regimes during embryonic development. However, our results on the egg development trajectories of individual female show that development in LS continued at temperatures as low as 1-1.5uC in late fall and winter. If we were to consider an effective threshold of 1.5uC for LS eggs, this would increase the number of DD required for LS to complete embryonic development. In any case, our values are smaller than the value of 1832 reported by Campbell (1986) . Cowan et al. (2007) also arrived at much lower values (around 950 to 1000). This raises questions about the rationale of keeping the 3.4uC threshold values. Our experiment was not designed to answer specific questions about how much effective DD are required for embryonic development in lobsters or what are the effects of more or less accumulated DD on the hatching larvae but these observations certainly suggest that the issue should be examined carefully in the future.
Early spawning resulted in hatching earlier in the season. Hatching by ES was completed the first days of July while eggs hatching from LS occurred approximately three weeks later. In MI, lobster larvae first appear in the plankton during the last week of June. Although emergence lasts until August, a major peak of emergence occurs during the first weeks of July (Hudon et al., 1986; Ouellet et al., 2001) and smaller peak sometime in August. This is consistent with the presence of ES and LS females and suggests that LS would be less abundant. However, the exact proportion of females that molt and spawn the same year is unknown. Recent observations suggest that their numbers are relatively low and variable among years (L. Gendron, personal observation), and could be related to spring water temperatures, as already noted by several other authors (reported in Comeau and Savoie, 2002) .
The lobster larval survival paradigm generally accepted is that larvae that hatch earlier, that are of a greater size and that develop faster are more likely to survive through the planktonic phase and later, in the benthic environment. Faster planktonic development reduces advection and predation risks. Earlier habitat transition and larger size of postlarval (Stage IV) confer a survival advantage, through a lower predation risk (Wahle, 1992; James-Pirri et al., 1998) . Moreover, postlarvae settling earlier on the bottom will reach a larger size before the first winter (James-Pirri et al., 1998) . This could be important to increase winter survival and reduce competition with individuals of next year's cohort. Larvae from ES could therefore be favoured in terms of survival relative to those from LS, by arriving earlier in the plankton, presumably at a larger size, and likely settling earlier in the benthos. However, on the other hand, delayed hatching and potential smaller initial size at hatching could somewhat be compensated for by more favorable growth conditions (Ouellet and Allard, 2002) as larvae from LS females, hatching toward the end of July, will encounter warmer temperature for growth.
As mentioned by Cowan et al. (2007) , at the scale of a population, hatching and settling at different times of the year could spread larval and juvenile production over space and time and be an advantage to face the odds of variable environments. In the course of its reproductive life, as it grows in size, a female lobster is likely to expose its eggs to different temperature regimes, by spawning at different moments (as seen in MI) or by traveling great distances, ultimately leading to variable hatching times. Presumably, the long lifespan and large number of potential reproductive events throughout the lifecycle of the American lobster are adaptations to variable environmental conditions on decadal time scales. Longhurst (2002) has noted that for taxa with longer lifespan, iteroparity is an important evolutionary mechanism for coping with environmental uncertainty. However, with heavy and over-exploitation in many lobster fisheries, lobster populations may somewhat be pushed into functional semelparity, as mentioned by Fogarty and Gendron (2004) , probably reducing their resilience and robustness.
